The effects of annatto seeds and of bixin on the oxidative damage induced by cisplatin in male Wistar rats was evaluated in the present study by way of lipid peroxidation, weight gain, the food efficiency coefficient, fat deposits in the hepatocytes and dosing of the enzymes in this organ. The animals were divided into four groups: control group (CG), cisplatin group (CPG), bixin+cisplatin group (CBG) and annatto+cisplatin group (CUG). Cisplatin (5 mg/kg body weight) was injected intraperitoneally 48 hours before the end of the experiment. The bixin and annatto were administered daily together with the commercial feed. The pre-treatment with annatto and bixin attenuated the cisplatin-induced liver damage and significantly reduced the enzymes AST and ALT. Annatto was shown to be capable of inhibiting lipid peroxidation as determined by TBARS. These results suggest that annatto seeds and bixin could be important agents in the reduction of cisplatin-induced hepatotoxicity.
The role of nutrition in human health has changed as a consequence of the various transformations occurring in society, and its scientific basis is expanding on physical and behavioral foundations. The population is aware of the close relationship between a balanced diet and disease prevention, which results in increased demand for healthy foods.
In addition to the basic nutritional value, various foods offer a variety of possibilities of protecting the organism against the development of cancer and other chronic diseases. Among the chemical constituents that have been considered responsible for such protection, carotenoids, antioxidant vitamins, phenolic compounds, terpenoids, steroids and fibers can be cited [1] . Substances of a natural origin such as carotenoids, which include bixin (annatto), alpha-carotene and beta-carotene (carrot), lycopene (tomato), and cryptoxanthin, lutein and zeaxanthin (broccoli) have been used not only for coloring purposes but also for their action as chemical preventative agents. In addition, these pigments can be important in cell protection, acting as antioxidants against free radicals and sequestering singlet oxygen, due to their long system of conjugated double bonds [2] .
Cisplatin is a platinum complex used in chemotherapy [3] . However, its use is limited due to adverse effects, such as nephrotoxicity, ototoxicity, neurotoxicity, myelosuppression, gastrointestinal effects and mutagenesis [4] . Research has indicated that nutritional therapy can provide benefits in oncological treatments by minimizing the adverse effects produced by the antineoplastic treatment, improving the patient's state of health [5, 6] .
Bixin is the main carotenoid found in annatto seeds (Bixa orellana L.). The antioxidant properties of this compound are associated with its ability to scavenge free radicals, which may reduce damage and protect tissues against toxicity caused by cancer drugs such as cisplatin [6] . Therefore, the objective of the present study was to evaluate the possible therapeutic action of annatto seeds and of bixin in reducing the toxicity of cisplatin with respect to liver disorders in male Wistar rats.
We analyzed the quality of the annatto seed and found the following values for moisture (11.5%), diethyl ether extract (4.0%), protein (10.0%), fiber (16.2%) and ash (4.0%). Bixin is one of the liposoluble carotenoids found in annatto seeds, which stands out due to its capacity to intercept and deactivate reactive singlet oxygen molecules, acting in the antioxidant defense [7] and protecting against induced mutagenic and genotoxic effects [8] . The low lipid content of the seeds could reduce their nutritional value and antioxidant capacity. The ash value was close to that found in the literature, but studies analyzing the mineral content of these seeds are rare. Table 1 shows the results obtained for weight gain, food consumption and food efficiency coefficient. It can be seen that the weight of the animals treated with bixin and annatto, was, on average, 18% lower than that of the animals treated with feed without the addition of carotenoid, although without statistical difference. Table 1 : Means and standard deviations for weight gain (WG), food consumption (FC) and food efficiency coefficient (FEC) of adult rats during 28 days and their respective treatments.
CG (control group), CPG (group fed pelleted commercial feed plus cisplatin), CBG (group fed pelleted commercial feed plus cisplatin and bixin), CUG (group fed pelleted commercial feed plus cisplatin and annatto powder).Values in the same column with different letters indicate statistically significant differences between the means (p ≤ 0.05). This behavior could be explained by the high crude fiber content (16.6%) found in the annatto seeds, which decreases the digestibility and exploitation of the nutrients. Another factor that could be involved in the lower weight gain is the possible involvement of annatto components in the regulation of glycemia. Fernandes et al. [9] , using an annatto extract and norbixin in mice and rats treated with commercial feed, observed that the glucose concentration in the mice was reduced (19.5%) in the group receiving the annatto extract (351 mg/kg), whereas the group receiving 0.8 mg/kg norbixin showed a reduction in glucose of 14.4%, the group receiving 7.6 mg/kg a reduction of 20%, and the group receiving 66 mg/kg, 21.5%.
The liver is the most important organ with respect to the maintenance of cholesterol homeostasis, and is also the main location for the metabolism of the annatto pigments [10] . In the present study, no difference in the weight of the liver was found between the different groups of animals ( Table 2 ). However the amount of fat in the organ was statistically higher in the animals administered only cisplatin as compared with the control group. It can be seen that when cisplatin was administered without the presence of carotenoid, fat synthesis and deposition in the liver increased. The total cholesterol of the liver followed the same pattern, although not statistically significant, and the animals in the cisplatin group showed an increase of 32% as compared with the control group. Table 2 : Means and standard deviations of the profiles for liver weight and fat content and the total cholesterol content in adult rats during 28 days, and their respective treatments.
CG (control group), CPG (group fed pelleted commercial feed plus cisplatin), CBG (group fed pelleted commercial feed plus cisplatin and bixin), CUG (group fed pelleted commercial feed plus cisplatin and annatto powder). Values in the same column with different letters indicate statistically significant differences between the means (p ≤ 0.05).
When these results are analyzed together, they indicate an improvement in the lipid profile of the animals treated with bixin and annatto, showing that bixin alone, or associated with other compounds present in annatto, can affect the lipid metabolism, corroborating data found in the literature (11) . This reduction is comparable with the results obtained by administering hypocholesterolemic medication [12] .
Alanine aminotransferase (ALT) and aspartate aminotransferase (AST) are intracellular enzymes present in large amounts in the cytoplasm and mitochondria of the hepatocytes. Injury or hepatic cell destruction liberates these enzymes into circulation, and thus an increased amount of these enzymes circulating in the blood stream aids in the diagnosis and prognosis of liver diseases. The predominant form found in the blood serum as a result of slight hepato-cellular damage is cytoplasmatic, whilst serious damage results in liberation of the mitochondrial enzyme, increasing the AST/ALT ratio [13] .
The animals that received a pre-treatment with bixin and annatto showed a reduction in the concentration of AST activity, whereas the action of this enzyme increased in the animals that received only cisplatin ( Table 3 ). The normal value for the activity of this enzyme was 139 IU/L and did not differ statistically between the CBG and CUG groups. The AST enzyme catalyzes the reaction between oxaloacetic acid + glutamic acid, producing α-ketoglutaric acid + aspartic acid in the liver. Variations in the activity of this enzyme can occur due to infectious hepatitis, chronic liver disease, jaundice and myocardial heart attacks [13] . Paula and coworkers [12] analyzed the effect of annatto seeds in reducing serum cholesterol and the redox equilibrium, and showed that treatment with bixin cake decreased the activity of AST in comparison with the nontreated animals. Table 3 : Means and standard deviations for the results of the activity of the hepatic enzymes aspartate aminotransferase (AST), alanine aminotransferase (ALT) and TBARS (nmol MDA/g sample), 48 h after administering cisplatin.
CG (control group), CPG (group fed pelleted commercial feed plus cisplatin), CBG (group fed pelleted commercial feed plus cisplatin and bixin), CUG (group fed pelleted commercial feed plus cisplatin and annatto powder).Values in the same column with different letters indicate statistically significant differences between the means (p ≤ 0.05).
Bixin showed the greatest reduction (13.4%) in the concentration of ALT, differing statistically from the cisplatin group as shown in Table 4 , showing that it protects the liver tissue even in the presence of aggression by cisplatin. The protection against liver tissue injury can be explained by the induction of the P450 cytochrome. This system is a collection of isoenzymes that catalyzes different types of oxidation reactions [14] . In their study with rats on the induction of hepatic mono-oxygenases by annatto and bixin, Oliveira and coworkers [15] showed that annatto, when administered orally, activated the mono-oxygenase system of the P450 cytochrome, thus inhibiting liver damage.
In the present study, the antioxidant effect of annatto and bixin on the oxidative damage induced by cisplatin was investigated in male Wistar rats, 48 hours after administration of the antitumor agent. The lipid peroxidation index was evaluated by measuring the increase in malondialdehyde in the liver by dosing the thiobarbituric acid reactive substances (TBARS) using the technique developed by Uchiyama and coworkers [16] . TBARS reflect the amount of MDA formed. Its measurement is used to evaluate the extent of lipid peroxidation by free radicals, as an indicator of oxidative stress [17] .
Yamada [18] carried out a study on the mechanisms involved in the kidney damage induced in rats by six different nephrotoxic compounds, including cisplatin. The author suggested that the toxic effects caused by cisplatin could be related to the damage caused by reactive oxygen species. Diets containing antioxidant substances are commonly associated with the drug in order to combat these toxic effects and their intensity [10] . Data found in the literature have demonstrated such protection. Baldew and coworkers [19] , using the same dose of cisplatin employed in the present study, showed an increase in "in vitro" lipid peroxidation and a reduction in the levels of malondialdehyde following treatment with multiple antioxidants, indicating that a combination of vitamin E, selenium and β-carotene could reduce such damage more effectively than diets containing only one antioxidant. Annatto seeds and of bixin in reduction of cisplatin-induced hepatotoxicity Natural Product Communications Vol. 11 (9) 2016 1235 the Bromatology Laboratory of the Institute of Food Science and Technology (ICTA) at the Federal University of Rio Grande do Sul, Brazil. The proximate composition (moisture content, lipids, proteins, fiber and ash) of this access was determined according to Helrich [20] .
The bixin crystals were obtained according to the methodology developed by [21] . The annatto seeds were washed with n-hexane (p.a.) and methanol (p.a.) to remove hydrophilic and hydrophobic impurities, and bixin was extracted with ethyl acetate (p.a.). The extract obtained was dried in a rotary evaporator (<30°C) and redissolved in dichloromethane (p.a.). To crystallize the bixin, the extract was placed on a heating plate (<50°C), chilled absolute ethanol (p.a.) was added, and the mixture cooled in an ice bath and then stored in a freezer for 24 h. The bixin crystals formed were filtered, washed with chilled absolute ethanol (p.a.), dried in a vacuum oven for 24 h and stored at -18ºC until used. The commercial feed NUVITAL ® was used in these experiments. Every day, 10 g of the pellets was ground, mixed with the carotenoids (bixin and annato) and placed in pots at the moment offered to the animals. The CG group received commercial rodent feed, the CPG group received commercial feed plus cisplatin (5 mg kg −1 body weight), the CBG group received commercial feed with bixin (0.065 mg kg −1 body weight) and cisplatin (5 mg kg −1 body weight), and the CUG group received commercial feed with cisplatin (5 mg kg −1 body weight) and annatto (0.500 mg kg −1 body weight). The doses of bixin and annatto used in pretreatment were based on data found in the literature on nephroprotective effects [22] . A single dose of cisplatin (5 mg kg −1 ) was administered 48 h before the end of the experiment to induce oxidative stress.
Such a dose does not cause either death of the animals or toxicity as characterized by ataxia, bradypnea or reduced activity [23, 24] . Although this is a dose frequently used in animals, according to various authors [25, 26, 8] , it is approximately 4 to 5 times higher than that employed in human beings [27] . food efficiency coefficient (FEC) : After a two-day adaptation period, the animals were divided into groups and their feed consumption and body weight determined. The amount of diet ingested was determined from the difference in weight between that offered, that left over and the losses.
Body weight control, feed consumption and calculation of the
The control of the weight of the animals and of the diet consumption allowed for calculation of the food efficiency coefficient (FEC), showing the relationship between weight gain and diet consumption [28] .
All the indices were calculated for each individual animal, allowing the mean values and standard deviation to be obtained.
Liver evaluation: The method described by Rodrigues and coworkers [29] was used to collect the blood, the animals being sedated with benzodiazepine (0.25 mg/100 g body weight) and anesthetized with sodium pentobarbital (4.6 mg/100 g body weight). An incision was then made along the linea alba for the whole of the ventral part, and the blood collected from the ascending aorta for the biochemical analyses. The liver was removed, weighed and the fat extracted using the Bligh and Dyer method [30] .
Lipid peroxidation evaluation:
Lipid peroxidation of the cell membranes of the hepatocytes was determined using the thiobarbituric acid reactive substances (TBARS) method, which measures the level of malondialdehyde derived from peroxidation, according to the adapted methodology of Uchiyama and coworkers [16] .
The liver samples were homogenized in 0.01M Tris-HCl buffer, pH 7.0, in a proportion of 1:10 mL and then centrifuged at 1.6 g for 10 min and the supernatant used to determine the levels of thiobarbituric acid reactive substances (TBARS). The reaction products were determined by spectrophotometry Ultraspec 3100 pro a 510 nm.
Statistical analysis:
The data were submitted to an analysis of variance (ANOVA) to detect significant differences between the groups, and the Tukey test applied when there was a difference between the means. The differences were considered statistically significant for a value of p ≤ 0.05.
